PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07K 14/47, C12N 5/10, 5/06, C07K 
14/82 



Al 



(11) International Publication Number: WO 97y30083 

(43) International Publication Date: 21 August 1997 (21.08.97) 



(21) International Application Number: PCT/EP97/00676 

(22) International Filing Date: 13 February 1997 (13.02.97) 



(30) Priority Data: 
08/601,515 
08/634,995 



14 February 1996 (14.02.96) US 
19 April 1996 (19.04.96) US 



(71) Applicants (for all designated States except US): NOVARTIS 

AG [CH/CH]; Schwarzwaldallee 215, CH-4058 Basle (CH). 
NEW ENGLAND DEACONESS HOSPITAL CORPORA- 
TION [US/US]; 185 Pilgrim Road, Boston, MA 02215 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BACH, Fritz, H. [US/US]; 
8 Blossom Lane, Manchester-By-The-sea, Boston, MA 
01966 (US). FERRAN, Chris tiane [FR/US]; 165 Winchester 
Street, Brookline, MA 02146 (US). 

(74) Common Representative: NOVARTIS AG; Patent and Trade- 
mark Division, Lichtstrasse 35, CH-4002 Basle (CH). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS. 
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, 
PT, RO, RU. SD. SE, SG, SI, SK, TJ, TM, TR, TT # UA, 
UG, US, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, 
UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU ( MC, NL, PT, SE), OAPI patent (BF, 
BJ t CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tide: GENE THERAPY OF ENDOTHELIAL CELLS WITH ANTI-APOPTOTIC PROTEINS FOR TRANSPLANTATION AND 
INFLAMMATORY CONDITIONS 



(57) Abstract 

A method of genetically modifying mammalian, especially endothelial cells to render them less susceptible to an inftammatory or 
other immunological activation stimulus is described, which comprises inserting in that cell or a progenitor thereof DNA encoding an 
anti-apoptotic polypeptide capable of inhibiting NF-kB and expressing the protein, whereby NF-kB in the cell is substantially inhibited in 
the presence of a cellular activating stimulus. Suitable polypeptides are selected from those having activity of a mammalian A20, BCL-2, 
BCI^Xl (MCL-1) or Al protein, including homologs and -truncated forms of the native proteins. The BCL-2, BCL-Xl or Al active 
polypeptides can also be employed as homodimers or as heterodimers with another anti-apoptotic polypeptide of the BCL family. The 
method, which can be carried out in vivo or ex vivo or in vitro, is particularly useful in connection with allogeneic or, especially, xenogeneic 
transplantation, as well as to treat systemic or local inflammatory conditions. Transgenic or somatic recombinant non-human mammals can 
be prepared expressing such a polypeptide on a regulable basis by the endothelial cells thereof, and tissues or organs comprising such cells 
can be obtained for grafting into a mammalian recipient. 
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Field of the invention 

The invention relates to the field of anti-apoptotic gene therapy for transplantation 
and inflammatory conditions. It provides improvements in the field of gene therapy and 
tissue and organ transplantation. In its broad aspect, it relates to methods of treating 
cellular activation processes. In particular, it is concerned with genetic modification of 
endothelial cells to render them less susceptible to an inflammatory, immunological, or 
other activating stimulus. 

The invention is specifically directed to genetic modification of a cell, in particular 
an endothelial cell, to render it capable of expressing a polypeptide capable of inhibiting 
cellular apoptosis. and to recombinant vectors therefor. Examples of polypeptides capable 
of inhibiting apoptosis in mammalian cells include polypeptides having activity of a 
mammalian A20 protein, as well as. more generally, polypeptides having anti-apoptotic 
activity, in particular certain proteins of the BCL family. 

The invention also concerns the resultant genetically modified cells, or tissues or 
organs comprising these cells; and non-human transgenic or somatic recombinant animals 
so modified. 

The invention is most particularly directed to transplantation of genetically 
modified cells, or graftable tissues or organs comprising such cells, into a mammalian 
recipient. The mammalian recipient may be allogeneic or xenogeneic as to the cells. 
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Background of the iny..^ 



The well-characterized problem of "hyperacute rejection" accompanying 
transplantation of organs between discordant species, involving an immediate 
immunological response of recipient antibodies and complement system against the 
transplanted organ, has been addressed by various means, including the use of immune 
suppressants, as well as donor organs that express factors which inhibit the complement 
system of the recipient (Dalmasso, A.P.. Imm»nonh a m, a ^| nry ^ (2) [1992) 

However, a further condition associated with grafted tissue or organs, and with 
cells subjected to inflammatory processes in general, is the process known as "activation" 
In particular, endothelial cell "activation" refers to a continuum of changes characterizing 
endothelial cells which are subjected to a stimulus such as a cytotoxic cytokine 
|e.g.. tumor necrosis factor (TNF)], an inflammatory or infectious condition, reperfusion 
injury, atherosclerosis, vasculitis or graft rejection. The endothelium (also referred to as 
the "vascular endothelium") consists of a layer of cells that line the cavities of the heart 
and of .he blood and lymph vessels. The initial cellular response of such cells to an 
activating stimulus (often referred to as "Type I" activation) typically involves changes in 
the cell phenotype. suc h as retraction of cells from one another, hemorrhage and edema, 
and trans-migration of leukocytes across the endothelium. A still further phase of cellular 
activation ("Type II" activation), involves transcriptional up-regulation of various genes 
encoding interleukins. adhesion molecules, and procoagulam, prothrombotic components 
of the coagulation system. For example. E-selectin is a tissue specific molecule which is 
expressed exclusively by endothelial cells (EC) upon activation, and therefore is a 
generally accepted indicator of Type II EC activation (Pober. J.S. and Cotran. R.S.. 

Trari fiplantat ion 1 1 990] 537-544). 

A recognized phenomenon associated with continuous overexpression of such 
activation proteins, at the expense of normal cell functioning, is the tendency of the cell 
to undergo a process of active cellular suicide known as "apoptosis" (G. T. Williams and 
C. A. Smith. CfJl 24 [I993| 777-779; D.L. Vaux et al., Cell ft [1994] 777-779). 
Apoptosis can be considered as preprogrammed cell death seen in the process of 
development, differentiation, or turnover of tissues (Wyllie, A. H. et al.. Int. Rev. Cvt.l 
[1980] 251 -306). Cell death by apoptosis occurs when a cell activates an internally 
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cncoded suicide program as a result of either extrinsic or intrinsic signals. Morpho- 
logically, apoptosis is characterized by loss of contact with neighboring cells, 
concentration of cytoplasm, endonuclease activity-associated chromatin 
condensation and pyknosis, and segmentation of the nucleus, among others. 
Disappearance of microvilli from the cell surface and vesicle formation on the cell surface 
(membrane blebbing) are also observed. The remaining fragments of apoptotic body cells 
are ultimately phagocytosed by neighboring cells (Duvall, E. and Wyllie, A. H., 
limnology Today 2(4) [1986] 1 15-1 19; Trauth, B.C. et al., Science 241 [1989] 
301-305). Apoptotic cell death is of fundamental importance in inflammation, 
embryogenesis and lymphocyte selection. Avoidance of cell activation and apoptotic cell 
death accompanying inflammation in general, and particularly in connection with organ 
transplantation, has become a major goal for workers in the art. Graft injury and loss 
occurring in connection with graft preservation techniques, as well as accompanying graft 
rejection, exemplify the vulnerability of endothelial cells to such processes. 

An identified transcription factor for many of the genes susceptible to 
transcriptional up-regulation in response to an activation stimulus such as TNFot, is 
"Nuclear Factor KB", i.e. NF-kB (M. Grilli et al.. International Rev iew of Tvtnlnpv ^ 
1 1993] 1-61). NF-kB exists as a preformed transcription factor in the cytoplasm of cells, 
which is inactivated by its association with a protein inhibitor of the IkB family. On 
exposure to cellular activating stimuli such as lipopolysaccharide (LPS), TNF, or oxygen 
radicals, the IxB protein is rapidly phosphorylated and then degraded, thereby liberating 
the preformed NF-kB and allowing its transmigration to the nucleus. In the nucleus, the 
binding of NF-kB to certain NF-kB binding sites (also referred to as "kB elements") in 
promoter regions of the nuclear DNA initiates transcription of genes directly or indirectly 
under the control of said promoters. Genes subject to up-regulation by NF-kB upon 
stimulation of the cell with TNF. include E-selectin, IL-8, and tissue factor, among others 
(F.H. Bach et al.. Immunological R^jer* J.4J. [1994] 1-30; T. Collins. Lab. Invest . 61 
[1993] 499-508; M.A. Read et al., J. Exp. Med JQ2 [1994] 503-512)! 

For example, the A20 gene is found to be inducible by TNF or other cellular 
activating factors (A.W.Opipari et al.. J. Biol. Chem . 2& [1990] 14705-14708; 
C.D.Laheny et al.. J.Biol.Chcm. 268 1 1993] 5032-5039). There is evidence that A20 
belongs to a sub-set of TNF-inducible genes which assist in ultimately 
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conferring resistance to TNF-induced apoptosis (M. Tewari e. ah, Ummunol. 1M [1995] 
1699-1706; A.W. Opipari et al., J , Bj P | , Chm 26J [1992] 12424-12427; A W. Opipari 
et al.. J . Bid, Chfm . 265 [1990] 14705-14708; Dixit et al. [1989]. sjiffla). A. Krikos and 
co-workers ( I , BM . Chert) 26Z [1992] 17971-17976) demonstrated that induction of the 
A20 gene by TNFa is also mediated by NF-kB binding sites in the A20 promoter 
(see also CD. Laherty et al., J, Bjoj, Qicm 268 [1993] 5032-5039). 

Besides the A20 protein, certain proteins of the BCL (also referred to as BCL-2) 
family of proteins also exert an anti-apoptotic effect. Such proteins include BCL-2. 
BCL-X L , MCL-1. and Al. However, the precise mechanisms by which the A20 protein 
or BCL proteins exert an anti-apoptotic effect have not been completely elucidated. 



Summary of th> <nv r ntitrn 

An important means of suppressing NF-KB-mediated activation of a cell has now 
been found. Unexpectedly, it was found that NF-kB regulation of gene transcription is 
related to expression of an apoptosis inhibiting (i.e. "anti-apoptotic") protein More 
particularly, j, has been found that such a protein can exert a negative feedback control 
on NF-KB-mediated gene transcription, namely, the anti-apoptotic protein functions as an 
mh.buor of the NF-kB transcription factor. This observed negative feedback effect may 
perhaps in certain Teases be exerted via an anti-oxidative mechanism that directly or 
mdirecdy protects the NF-kB-IkB complex from dissociating, apparently by acting 
upstream of IkB degradation. Such inhibitory function may normally assist in preventing 
apoptofc cell death. However, under conditions of severe cellular challenge, such as 
occumng in connection with transplantation, and particularly xenotransplantation, 
expression of the anti-apopto.ic protein in a cell may be a. insufficient levels, or delayed 
relanve to the rapid activation of NF-kB in the cell, so that inhibition of NF-kB is 
rendered ineffective to prevent cellular activation and apoptosis. 

This finding has now been used to devise a method to treat endothelial or other 
cells susceptible to an inflammatory or other activating stimulus, and in particular to treat 
cells, nssues or organs which are subject to transplantation rejection. The method and 
other aspects of the invention may be used to treat inflammation or disease states 
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associated with inflammation, e.g., septic shock, chronic rejection, xenograft rejection, 
atherosclerosis (restenosis), vasculitis, cardiac failure, or autoimmune diseases. 

The invention relies on gene therapy techniques, utilizing an anti-apoptotic gene 
and its expressed product to inhibit NF-kB activation in mammalian cells susceptible to 
an activating stimulus. 

Accordingly, in a first aspect the invention provides a mammalian cell (in 
particular, an endothelial cell) which is genetically modified to express an anti-apoptotic 
protein which is capable of substantially inhibiting NF-kB activation in the presence of a 
cellular activating stimulus. An example of a "cellular activating stimulus" is tumor 
necrosis factor. TNF (i.e. TNFct). 

By "NF-kB activation" is meant NF-KB-mediated up-regulation of genes which 
are directly or indirectly under the control of an NF-kB binding site, such as, e.g.. 
E-selectin in endothelial cells. In functional terms, NF-kB activation constitutes the 
binding of NF-kB to kB regulatory sequences in the DNA of a cell in a manner sufficient 
(whether alone or in combination with other factors) to initiate transcription of a gene in 
opcraiivc association with said sequences. 

By "NF-kB inhibition" is meant that NF-kB binding to NF-kB binding sites in the 
nuclear DNA is prevented. NF-kB is considered "substantially inhibited" when, for 
example, transcription of the E-selectin gene by an endothelial cell genetically modified 
according to the invention and stimulated with TNFa is reduced by 60% or greater, and 
preferably 80* or greater, and even 90% or greater, e.g., 95% and even 99% or greater, 
relative to an unmodifed cell (i.e. a cell not subject to genetic manipulation according to 
the invention) which is also stimulated by TNFa. 

The invention in its broader aspects also concerns a method of genetically 
modifying mammalian (e.g.. endothelial) cells to render them less susceptible to an 
inflammatory or other immunological activation stimulus by inserting in these cells, or 
progenitors thereof. DNA encoding an anti-apoptotic protein capable of inhibiting NF-kB 
and expressing the protein, whereby NF-kB in the cell is substantially inhibited in the 
presence of a cellular activating stimulus. 
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It was found that inhibition of NF-KB-initiated transcription by the anti-apoptotic 
protein, such as. e.g.. an A20 protein, in a genetically modified cell is unexpectedly 
potent, even at moderate levels of transfection in vitro with the corresponding A20 gene 
(eg.. 0.5 ug plasmid DNA per approximately 5 x 10 s cells), leading to effective 
suppression of induction of cytokine-inducible genes such as tissue factor. E-selectin and 
IkBcx. all of which are associated with inflammation. 

It will be apparent that such a therapy will be useful in general to treat patients 
afflicted with conditions which may benefit from inhibition of NF-kB activation, such as 
inflammation. Such a therapy will also be useful to moderate complications occurring in 
connection with organ transplantation, especially where the graft recipient is human, and 
most particularly where the graft is xenogeneic as to the recipient. 

Thus in a further aspect, the invention comprises a method of transplanting donor 
endothelial or other mammalian cells (e.g.. bone marrow stem cells as precursors of 
monocytes. NK cells, or lymphocytes: or islet cells), or graftable tissues or organs 
comprising such cells, to a mammalian recipient in whose blood or plasma these cells, 
tissues or organs arc subject to activation, which comprises: 

«a» genetically modifying the donor cells, or progenitor cells thereof, by inserting therein 
DNA encoding an anti-apoptotic protein capable of inhibiting NF-kB, and 

(hi transplanting the resultant modified donor cells, or tissues or organs comprising these 
cells, into the recipient, and expressing in the cells the anti-apoptotic protein, whereby 
NF-kB activation in the cells is substantially inhibited in the presence of a cellular 
activating stimulus. 

The "modified donor cells" of step (b) will be understood to refer to cells which 
themselves arc subjected to genetic modification in step (a), as well as to progeny thereof. 

According to a further aspect of the invention, there are provided donor 
endothelial cells, and tissues and organs comprising such cells, wherein the cells are 
genetically modified to rcgulably or constitutively express an anti-apoptotic protein in a 
graft recipient, whereby NF-kB is substantially inhibited, for transplantation into a 
recipient species. The graft recipient may be allogeneic or xenogeneic as to the donor 
cells, tissues or organs. In its additional aspects, the invention provides a non-human 
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transgenic or somatic recombinant mammal comprising DNA encoding an anti-apoptotic 
protein of a different species: and a method of preparing such non-human transgenic or 
somatic recombinant mammal. Also within the scope of the invention are vectors for 
genetically modifying cells by insertion of anti-apoptotic protein-encoding 
polynucleotides, such as for example retroviral vectors, and especially, adenoviral vectors. 
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Description of the rir flu ,j np , 

Eiautl: Analysis of antibody affinity purified protein extracted from: BAEC 
transfected with A20 vector ("A20"). BAEC transfected with empty pAC vector ("PAC"). 
or non-transfected BAEC ("NT") following stimulation with TNFoc. Also analyzed for 
comparison is HUVEC which is either non-stimulated ("NS") or stimulated with TNFoc 
("TNF"). 

Figure 2 : Luclfer «« 'eveis in relative light units (RLU) in BAEC co-transfected with 
A20 and/or P AC vector ("pAC") together with the porcine E-selectin promoter region 
cloned into a luciferase expressing vector ("porcine E-selectin Reporter"); BAEC are 
either non-stimulated ("NS" or "control") or stimulated with TNFa ("TNF") or 
I ipopoly saccharide ("LPS"). 

Figures 3A-3C : Luciferase levels in BAEC co-transfected with either A20 or pAC 

and one of the following promoters cloned into a luciferase vector (a) human IL-8 
promoter ("IL-8 Reporter") (FIG. 3A); (b) porcine IkBoc promoter ("IkBoc Reporter") 
(FIG. 3B); and (c) porcine tissue factor (TF) promoter ("Tissue Factor Reporter") 
(FIG. JC): and then stimulated with TNFa or LPS or maintained as a control. 

EiOlO: Luciferase levels in BAEC co-transfected with either A20 or pAC and KB 

elements derived from the porcine E-selectin promoter cloned into a luciferase vector 
("NFkB Reporter"), and then stimulated with TNFa or LPS or maintained as a control. 

IWIUJA: Luciferase levels in BAEC co-transfected with either A20 or pAC and 
an RSV-LTR driven luciferase vector ("RSV-LUC Reporter"). 

r ' mc gB : "C-labeled chloramphenicol levels, in counts per minute (CPM), in 
BAEC co-transfected with A20 and/or pAC and an HIV LTR-driven CAT vector 
("HIV-CAT Reporter"). Cells are stimulated with the viral c-Tat protein ("C-Tat") or 
maintained as a control. 
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Figures 6A, fiB. fifr Luciferase levels in BAEC co-transfected with pAC and either 
Bcl-2 or Bcl-X L , together with either the E-selectin reporter (FIG. 6a), the IkBo reporter 
(FIG. 6B), or the NF KB reporter (FIG. 6C) cloned into a luciferase vector, and then 
stimulated with TNF or LPS or maintained as a non-stimulated control. 

Figure 7 : Luciferase levels in BAEC co-transfected with pAC, full length A20, or 
truncated A20 clones #3 ["lA20(3)"] or #7 ["tA20(7)"], together with the E-selectin 
reporter cloned into a luciferase vector, and then stimulated with TNF or LPS or 
maintained as a non-stimulated ("NT") control. 

FjfiuoJi: EMSA of nuclear extracts from TNF-stimulated (+) or non-stimulated 
(-) PAEC infected with adenoviral Bcl-2 ("rAd.Bcl-2") or, as a control, (J-gal 
("rAd.p-Gal"), using a kB binding oligonucleotide derived from the human 
immunoglobulin (Ig) k promoter and, for comparison, a cold wild-type NFKB-specific 
probe ("sp-comp.") and a non-specific competitor ("nsp. comp.")(AP-l). 

Figure 9 : Western blot of rAd.Bcl-2- (or, as a control, rAd.p-gal-) infected PAEC 
taken prior to ("0") , or ten minutes flO' ") or one hundred-twenty minutes ("120* ") 
following stimulation with TNF. with licpcc as shown. 

Figure 1 Q : EMS a of nuclear extracts from rAd.Bcl-2- (or, as a control. rAd.p-gal-) 
infected PAEC prior to ("-") or two hours following (+) TNF stimulation, using the 
transcription factor cAMP responsive element ("CRE") as a probe and, for comparison, a 
cold wild-type CRE-specific probe ("sp-comp ") and a non-specific competitor 
("nsp. comp."). 

F i gure 1 1: Luciferase levels in BAEC co-transfected with either Al or pAC and a 
luciferase vector comprising 0.7ug of either the (A) E-selectin or (B) NFkB reporter. 
Cells are stimulated with TNF or LPS or non-stimulated (control). 



riBur * 12 ; Nothern blot TNF-stimulated (4) or non-stimulated (-) HUVEC infected 
with adenoviral IjcBo: ("rAd.I»cB"a) or A20 ("rAd.A20") or, as a control. rAd.P-gal . 
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Dcfinitiom 



"Graft." "transplant" or "implant" are used interchangeably to refer to biological material 
derived from a donor for transplantation into a recipient, and to the act of placing 
such biological material in the recipient. 

"Host or "recipient" refers to the body of the patient in whom donor biological material is 
grafted. 

"Allogeneic" refers to the donor and recipient being of the same species (also "allograft"). 
As a subset thereof, "syngeneic" refers to the condition wherein donor and 
recipient are genetically identical. "Autologous" refers to donor and recipient 
being the same individual. "Xenogeneic" (and "xenograft") refer to the condition 
where the graft donor and recipient are of different species. 

"A20" refers to a natural mammalian A20 gene (including the cDNA thereof) or protein, 
including derivatives thereof having variations in DNA (or amino acid) sequence 
(such as silent mutations or deletions of up to 5 amino acids) which do not 
prejudice the capability of the natural protein to block NF-»cB activation. The A20 
gene (protein) may, for example, be porcine, bovine or human, or may be of a 
primate other than human, depending on the nature of the cells to be modified and 
the intended recipient species for transplantation. 

"A polypeptide having activity of an A20 protein" or "A20 active protein" refers to a 

protein which is able to block or suppress NF-tcB activation, and which is at least 
70%. preferably at least 80%, and more preferably at least 90% (most preferably 
at least 95%) homologous to the protein sequence of a natural mammalian 
(eg., human) A20 protein (for example, SEQ. ID. NO. 1 hereof). In a preferred 
embodiment, the A20 protein of the invention is human and has the amino acid 
sequence corresponding to SEQ. ID. NO. 1 herein (as disclosed in AJ.Opipari 
« al. 1 1 990], » in a further aspect, the A20 gene of the invention is at least 
70%, and more preferably at least 80%, or at least 90% (e.g., at least 95%) 
homologous to. or corresponds to, SEQ. ID. NO. 2 herein. 



t 



WO 97/30083 



PCT/EP97/00676 



-11- 

"Bcl-2" refers to a natural mammalian Bcl-2 gene (including the cDNA thereof) or 

protein (denoted by capital letters), including derivatives thereof having variations 
in DNA (or amino acid) sequence (such as silent mutations or deletions of up to 
5 amino acids) which do not prejudice the capability of the natural protein to 
block NF-kB activation. The Bcl-2 gene (protein) may, for example, be porcine, 
bovine or human, or may be of a primate other than human, depending on the 
nature of the cells to be modified and the intended recipient species for 
transplantation. 

"A polypeptide having activity of BCL-2 protein" or "BCL-2 active protein" refers to a 
protein which is able to block or suppress NF-kB activation, and which is at least 
70%. preferably at least 80%. and more preferably at least 90% (most preferably 
at least 95%) homologous to the protein sequence of a natural mammalian 
(e.g.. human) BCL-2 (for example. SEQ. ID. NO. 3 hereof). In a preferred 
embodiment of the invention, the BCL-2 polypeptide of the invention is human 
and has the amino acid sequence corresponding to SEQ. ID. NO. 3 (as disclosed 
by Tsujimoto. Y. and Croce. CM., EfciASSl [1986] 5214-5218. and in 
WO 95/00642). 

Similarly. "Bcl-x, " refers to u natural mammalian Bcl-x L gene (including the cDNA 

thereof) or protein (denoted by capital letters), including derivatives thereof having 
variations in DNA (or amino acid) sequence (such as silent mutations or deletions 
of up to 5 amino acids) which do not prejudice the capability of the natural 
protein to block NF-kB activation. The Bcl-x L gene (protein) may, for example, 
be porcine, bovine or human, or may be of a primate other than human, depending 
on the nature of the cells to be modified and the intended recipient species for 
transplantation. 

"A polypeptide having activity of BCL-X L protein" or "BCL-X,. active protein" refers to a 
protein which is able to block or suppress NF-kB activation, and which is at least 
70%. preferably at least 80%, and more preferably at least 90% (most preferably 
at least 95%) homologous to the protein sequence of a natural mammalian 
(e.g.. human) BCL-X,. protein (for example, SEQ. ID. NO. 4 hereof). In a 
preferred embodiment of the invention, the BCL-X L polypeptide of the invention is 
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human and has the amino acid sequence corresponding to SEQ. ID. NO. 4 (as 
also disclosed in WO 95/00642). 

"Al" refers to a natural mammalian Al gene (including the cDNA thereof) or protein, 
including derivatives thereof having variations in DNA (or amino acid) sequence 
(such as silent mutations or deletions of up to 5 amino acids) which do not 
prejudice the capability of the natural protein to block NF-kB activation. The Al 
gene (protein) employed in the invention may, for example, be porcine, bovine or 
human, or may be of a primate other than human, depending on the nature of the 
cells to be modified and the intended recipient species for transplantation. 

"A polypeptide having activity of Al protein" or "Al-active protein" refers to a protein 
which is able to block or suppress NF-kB activation, and which is at least 70%. 
preferably at least 80%. and more preferably at least 90% (most preferably at least 
95%) homologous to the protein sequence of a natural mammalian (e.g., human) 
Al (for example. SEQ. ID. NO. 5 hereof). In a preferred embodiment of the 
invention, the A I polypeptide of the invention is human and has the amino acid 
sequence corresponding to SEQ. ID. NO. 5 (as disclosed in A. Karsan et al.. 
filmii. 22. No. 8 | April 15. I996| 3089-3096). 
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Detailed description 

The human A20 gene was originally cloned as an immediate early response gene 
which is rapidly but transiently expressed following TNF treatment of human umbilical 
vein endothelial cells (HUVEC) (Opipari et al. (1990), supra ). It is now known that a 
protein having A20 activity can also be induced by other stimuli such as IL-1 in HUVEC 
(Dixit et al. [1989], ama); CD4l) cross-linking in B cells (Tewari et al. [1995], supra ): or 
phorbol 12-myristate I3-acetate (PMA) or HTLV-I Tax protein in Jurkat T cells 
(Laherty et al. [1993), simia). An A20 protein is also constitutively present in mature 
resting T cells. 

A cDNA sequence of the human A20 gene obtained from HUVEC, and the 
deduced amino acid sequence, are published by Opipari et al. [1990], supra , as indicated 
hereinabove. TNF-induction of A20 has been indicated to be mediated through NF-kB 
binding sites in the A20 promoter, extending from -45 to -54 (5-GGAAATCCCC-3') and 
from -57 to -66 (5 - GGAAAGTCCC-3') of the gene. At the protein level, the deduced 
sequence of 790 amino acids (SEQ. ID. NO. 1) contains within its carboxyl terminal half 
7 CysyCys; zinc finger repeats; six with the configuration Cys-X 4 -Cys-X u -Cys-X r Cys 
and one with the configuration Cys-X : -Cys-X H -Cys-X : -Cys, wherein X is any amino acid 
and the subscripts represent numbers of amino acids between each of the indicated 
cysteines. A novel finger loop domain composed of 1 1 amino acid residues has also been 
identified (Krikos et ul. |I992|, supra ) 

In one embodiment of this invention, the "protein having A20 activity" comprises 
amino acid residues 386-790 of SEQ. ID. NO. 1, comprising the zinc finger region of the 
native protein sequence (i.e. having 7 zinc binding domains), or a region at least 80% 
homologous to said residues. Another suitable truncated from of the native human 
protein consists essentially of residues 373-790 of SEQ. ID. NO. 1 hereof. Other 
deletion mutants found to be capable of inhibiting NFkB comprise the N-terminus and 
2 zinc-binding domains of the polypeptide, e.g., amino acids 1-538 of SEQ. ID. NO. 1. 

h has been found that the A20 protein acts with specificity to inhibit NFkB. For 
example, expression of JunB, another TNF or LPS-inducible protein, is not found to be 
inhibited by A20 expression under conditions in which NFkB is so inhibited. 
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The bcl-2 gene was originally cloned from the breakpoint of a t(14:18) 
translocation present in many human B cell lymphomas. In vitro. BCL-2 protein has 
been shown to prevent apoptotic cell death selectively in certain cell lines, suggesting the 
ex,stence of multiple independent intracellular mechanisms of apoptosis, some of 
which can be prevented by BCL-2 and others of which are apparently unaffected by the 
gene (WO 95/00642). Native proteins of the BCL (i.e. BCL-2) fami]y are characterized 
by three conserved regions, referred to as BCL-2 homology regions 1, 2 and 3 
(abbreviated as BH-1. BH-2 and BH-3). that are required for regulation of apoptosis and 
protem-protein interaction. Proteins of the BCL family include anti-apoptotic polypeptides 
such as BCL-2. BCL-X L (the long form of a splice variant of BCL-X), MCL-1 and 
BAG-1. 

Another member of the BCL family comprises the Al protein. Human Al has 
been found to comprise the BHI and BH2 regions characteristic of the BCL family 
(A. Karsan et al., BjQfld. 52. No.8 (April 15, 1996] 3089-3096; A. Karsan et al., 
J l m - r ' hm - 221 (44) [November 1, 1996] 27201-27204). Suitable anti-apoptotic 
polypeptides for use in the invention may comprise or consist essentially of regions BHI 
and BH2 of native (e.g.. human) A I protein, or an amino acid sequence which in the 
aggregate is at leas. 80%. preferably at leas. 90%. and more preferably at least 95% 
homologous ,o the aggregate of the BHI and BH2 regions of the native A I protein. 

In general, suitable deletion mutants of the BCL family may comprise, for 
example, at least one of the BHI. BH2. BH3 and BH4 regions of the native protein, for 
example, for each protein, one or more of the following peptide sequences (a.a. = amino 
acid position no.): 

BCL-2: about a.a. 10 to about a.a. 30; about a.a. 93 to about a.a. 107; about a.a. 135 to 

about a.a.155; about a.a. 187 to about a.a. 202, of SEQ. ID. NO. 3; 
BCL-X, : abou. a.a. 5 to about a.a. 24; about a.a. 86 to about a.a. 100; about a.a. 129 to 

about a.a.148; about a.a. 180 to about a.a. 195, of SEQ. ID. NO. 4; 
Al: about a.a. 27 to about a.a. 45; about a.a. 66 to about a.a. 99; about a.a. 133 to about 
aa. 145. of SEQ. ID. NO. 5. 
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Still other BCL family apoptosis-regulating polypeptides useful in the invention 
may comprise CDN-1 and CDN-2 (WO 95/15084); MCL-1 (Yang et al., 
J . Cell. PtlYS- 1M 11996] 523-536, particularly a polypeptide comprising one or more of 
amino acid residues 6-25, 209-223, 252-272, and 304-319 thereof; and BAG-1 (or homo- 
or heterodimers thereof with BCL-2 or other BCL family members) (Takayama et al., 
£eJl,8Q[1995] 279-284). 

These anti-apoptotic polypeptides may exist in vivo in the form of homodimers or 
heterodimers with another anti-apoptotic polypeptide of the BCL family. Such anti- 
apoptotic polypeptides may also be found in heterodimer combinations with antagonist 
polypeptides of the BCL family such as BCL-X S (the alternatively spliced short form of 
BCL-X), BAX and BAD. 

The present invention also comprises a method of treating the dysfunctional or 
activation response of a cell to an inflammatory or other activation stimulus, comprising 
modifying said cell by inserting therein DNA encoding an anti-apoptotic protein, in 
operative association with a suitable promoter, and expressing said anti-apoptotic protein 
at effective levels whereby NF-kB activation in said cell is substantially inhibited. 

In a particular aspect, the invention comprises a method of treating the 
dysfunctional or activation response of a cell to an inflammatory or other activation 
stimulus, comprising modifying the cell by inserting therein DNA encoding a polypeptide 
having anti-apoptotic activity of an A20 protein in operative association with a suitable 
promoter, and expressing the polypeptide at effective levels whereby activation in the cell 
is substantially inhibited. 

It further comprises a method of inhibiting cellular activation in a mammalian 
subject susceptible to an inflammatory or immunological stimulus which comprises 
genetically modifying endothelial cells of the subject, by insertion of DNA encoding an 
anti-apoptotic protein capable of inhibiting NF-kB and expressing that protein, whereby 
NF-kB is substantially inhibited in the cells in the presence of a cellular activating 
stimulus. 
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In a further aspect, it comprises a method of treating the activation response of a 
cell to an inflammatory or other stimulus, comprising modifying that ceil by inserting 
therein DNA encoding a polypeptide having ami-apoptotic activity of a BCL protein 
(such as BCL-2 and BCL-X L proteins), a homodimer of such a polypeptide, or a 
heterodimer of such a polypeptide with another anti-apoptotic protein of the BCL family, 
and expressing the polypeptide or dimer at effective levels whereby activation in the cell 
is substantially inhibited. 

The invention also includes the cells so modified, and corresponding tissues or 
organs comprising such cells. 

The protein-encoding region and/or the promoter region of the inserted DNA may 
be heterologous, i.e. non-native to the cell. Alternatively, one or both of the protein 
encoding regions and the promoter region may be native to the cell, provided that the 
promoter is other than the promoter which normally controls anti-apoptotic (e.g., A20) 
expression in the cell. The protein coding sequence may be under the control of an 
•appropriate signal sequence, e.g.. a nucleus specific signal sequence. 

Preferably the protein encoding region is under the control of a constitutive or 
regulable promoter. By "constitutive" is meant substantially continuous transcription of 
the gene and expression of the protein over the life of the cell. By "regulable" is meant 
that transcription of the gene and expression of the protein is related to the presence, or 
absence, of a given substance. An embodiment of "regulable" expression comprises 
"inducible" expression, i.e. whereby transcription (and thus protein expression) occurs on 
demand in response to a stimulus. The stimulus may comprise endothelial cell activating 
stimuli or a predetermined external stimulus. The endothelial cell activating stimuli may 
be any of the stimuli which give rise to changes in the endothelium of donor tissue or 
organs which stimulate coagulation. The predetermined external stimulus may be a drug, 
cytokine or other agent. 

An advantage of employing an inducible promoter for transplantation purposes is 
that the desired high level expression of the (e.g.. A20) active protein can be obtained on 
demand in response to a predetermined stimulus, such as e.g.. the presence of tetracycline 
■n the cellular environment. An example of a tetracycline-inducible promoter which is 
suitable for use in the invention is disclosed in P. A. Furth et al.. PNAS 21 [1994] 
9302-9306. Alternatively, an example of a regulable promoter system in which 
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transcription is initiated by the withdrawal of tetracycline is described in M. Gossen and 
H. Bujard, PNAS go [1992] 5547-5551. 

Preferably, expression of the (e.g., A20) active protein is induced in response to a 
predetermined external stimulus, and the stimulus is applied beginning immediately prior 
to subjecting the cells to an activating stimulus, so that expression is already at effective 
levels to block NF-kB activation. For example, cells of a donor mammal (e.g.. porcine) 
may be genetically modified according to the invention by insertion of an anti-apoptotic 
gene (e.g., porcine or human) under the control of a promoter which is inducible by a 
drug such as tetracycline. The animal, whether somatic recombinant or transgenic, may 
be raised up to the desired level of maturity under tetracycline-free conditions, until such 
time as the cells, or tissue or organs comprising the cells, are to be surgically removed for 
transplantation purposes. In such case, prior to surgical removal of the organ, the donor 
animal may be administered tetracycline in order to begin inducing high levels of 
expression of the anti-apoptotic (e.g., A20) protein. The organ can then be transplanted 
into a recipient (e.g.. human), and tetracycline may continue to be administered to the 
recipient for a sufficient time to maintain the protein at the desired levels in the 
transplanted colls to inhibit NF-kB activation. Alternatively, after being surgically 
removed from the donor, the organ can be maintained ex vivo in a tetracycline-containing 
medium until such time as grafting into a recipient is appropriate. 

In another embodiment, expression may be provided to occur as a result of 
withholding tetracycline from the cellular environment. Thus, cells of a donor animal 
may be genetically modified according to the invention by insertion of a gene encoding 
an anti-apoptotic (e.g.. A20) protein under the control of a promoter which is blocked by 
tetracycline, and which is induced in the absence of tetracycline. In such case, the animal 
may be raised up to the desired level of maturity while being administered tetracycline, 
until such time as the cells, tissues of organs of the animal are to be harvested. Prior to 
surgical removal, the donor animal may be deprived of tetracycline in order to begin 
inducing expression of the protein, and the patient in whom the cells, tissue or organs are 
transplanted may thereafter also be maintained tetracycline-free for a sufficient time to 
maintain appropriate levels of expression. 
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Preferably. the insened DNA sequences are incorporated into the genome of the 
cell. Alternatively, the insened sequences may be maintained in the cell 
extrachromosomally, either stably or for a limited period. 

The modification of endothelial or other mammalian cells according to the 
invention may be carried out in vivo or ex vivo. 

Thus the invention also comprises a method for inhibiting the dysfunctional or 
activation response of endothelial cells to an inflammatory or other activation stimulus in 
vivo in a patient in need of such therapy, comprising modifying such cells of the patient 
by inserting in the cells DNA encoding an anti-apoptotic protein in operative association 
with a constitutive or inducible promoter and expressing the protein at effective levels 
whereby NF-kB activation is substantially inhibited. For example, the blood vessels of 
an organ (e.g.. a kidney) can be temporarily clamped off from the blood circulation of the 
patient and the vessels perfused with a solution comprising a transmissible vector 
construct containing the anti-apoptotic (e.g., A20) gene, for a time sufficient for at least 
some cells of the organ to be genetically modified by insertion therein of the vector 
construe, and on removal of the clamps, blood flow can then be restored to the organ and 
its normal functioning resumed. 

In another aspect, cell populations can be removed from the patient or a donor 
animal, genetically modified ex vivo by insertion of vector DNA, and then re-implanted 
into the patient or transplanted into another recipient. For example, an organ can be 
removed from a patient or donor, subjected ex vivo to the perfusion step described above, 
and the organ can be rcgralted into the patient or implanted into a different recipient of 
the same or diffcrcni species. 

For gene delivery, retroviral vectors, and in particular replication-defective 
retroviral vectors lacking one or more of the gag. pol. and env sequences required for 
retroviral replication, are well-known in the art and may be used to transform endothelial 
or other mammalian cells. PA3I7 or other producer cell lines producing helper-free viral 
vectors are well -described in the literature (A.D.Miller and C.Buttimore. 
Mo|„Ccl l ,Biote 6 1 19861 2895-2902). A representative retroviral construct comprises at 
least one viral long terminal repeat and promoter sequences upstream of the 
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nucleotide sequence of the therapeutic substance and at least one viral long terminal 
repeat and polyadenylation signal downstream of the nucleotide sequence. 

Vectors derived from adenoviruses, i.e. viruses causing upper respiratory tract 
disease and also present in latent infections in primates, are also known in the art. The 
ability of adenoviruses to attach to cells at low ambient temperatures is an advantage in 
the transplant setting which can facilitate gene transfer during cold preservation of tissue 
or organs. Adenoviral-medtated gene transfer into vessels or organs by means of 
transduction perfusion as described hereinabove is also a means of genetically modifying 
cells in vivo or ex vivo. 

Alternative means of targeted gene delivery comprise DNA-protein conjugates, 
liposomes, etc. 

In yet another embodiment, the invention comprises a method for suppressing the 
activation response of donor cells, or tissue or organs comprising such cells, upon 
transplantation into u mammalian recipient in whom the cells are susceptible to activation, 
which comprises: 

(a) modifying the donor cells by introducing therein DNA encoding an anti-apoptotic 
protein; und 

(b) transplanting the resultant donor cells, or tissue or organs comprising such cells, into 
the recipient and expressing the protein, whereby NF-kB activation of the cells is 
substantially inhibited. 

The donor species may be any mammalian species which is the same or different 
from the recipient species, and which is able to provide the appropriate cells, tissue or 
organs for transplantation into the recipient species. 

The donor may be of a species which is allogeneic or xenogeneic to that of the 
recipient. The recipient is a mammal, e.g., a primate, and is preferably human. For 
human recipients, it is envisaged that human (i.e. allogeneic) as well as pig (i.e. 
xenogeneic) donors will be suitable, but any other mammalian species (e.g., bovine or 
non-human primate) may also be suitable as donor. 

For example, porcine aortic endothelial cells (PAEC). or the progenitor cells 
thereof, can be genetically modified to express porcine or human anti-apoptotic, e.g. A20 
protein at effective levels, for grafting into a human recipient. Heterologous DNA 
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encoding the A20 or other anti-apoptotic protein can be inserted into the animal or an 
ancestor of the animal at the single-cell or early morula stage. The preferred stage is the 
single-cell stage, although the process may be carried out between the two and eight cell 
stages. A transgenic non-human animal can be thereby obtained which will pass the 
heterologous DNA on to offspring. In another aspect genes can be inserted into 
somatic/body cells of the donor animal to provide a somatic recombinant animal, from 
whom the DNA construct is not capable of being passed on to offspring (see, e.g.. 
Miller. A.D. and Rosman. GJ.. Biotechnioue* 7 fioao] 980-990). 

Appropriate well-known methods of inserting foreign cells or DNA into animal 
tissue include micro-injection, embryonic stem cell manipulation, electroporation. cell 
gun. transduction, transfection. retroviral infection, adenoviruses, etc. In one embodiment, 
the gene is inserted in a particular locus, e.g.. the thrombomodulin locus. Subsequently, 
the construct is introduced into embryonic stem cells, and the resulting progeny express 
the construct in a tissue specific manner, paralleling the expression of thrombomodulin, 
i.e. in the vascular endothelium. 

Methods of preparing transgenic pigs are disclosed in e.g. Pinckert et al.. XsDQ 2. 
No. I 1 1 994 1 10-15. 

Genetically modified endothelial cells may be administered by intravenous or 
intra-urterial injection under defined conditions. Tissues or organs comprised thereof 
may also be removed from a donor and grafted into a recipient by well-known surgical 
procedures. Prior to implantation, the treated endothelial cells, tissue or organ may be 
screened for genetically modified cells containing and expressing the construct. For this 
purpose, the vector construct can also be provided with a second nucleotide sequence 
encoding an expression product that confers resistance to a selectable marker substance. 
Suitable selection markers for screening include the neo gene, conferring resistance to 
neomycin or the neomycin analog. G4I8. 

Although any mammalian cell can be targeted for insertion of the anti-apoptotic 
gene, such as monocytes. NK cells, lymphocytes, or islet cells, the preferred cells for 
manipulation are endothelial cells. The recipient species will primarily be human, but 
other mammals, such as non-human primates, may be suitable recipients. 
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In an alternative embodiment of the invention, the ami-apoptotic polypeptide, in a 
pharmaceutical ly acceptable carrier, may be applied directly to cells, tissues or organs in 

vivo. 

It will be appreciated that the modified donor cells and tissues and organs defined 
above have a supplementary function in the prevention of xenotransplant rejection since 
complement-mediated events also participate in hyperacute rejection of such transplants 
(A.P. Daimasso et ah, Transplantation 52 [1991] 530-533). Therefore, the genetic 
material of the cells of the donor organ is typically also altered such that activation of the 
complement pathway in the recipient is prevented. This may be done by providing 
transgenic animals that express the complement inhibitory factors of the recipient species. 
The endothelial cells of a donor organ obtained from such an animal can be modified by 
gene therapy techniques to provide the endothelial cells defined above. Alternatively a 
vector containing DNA encoding a protein having anti-apoptotic (e.g., A20) activity can 
be introduced into the transgenic animal at the single cell or early morula stage. In this 
way. the resulting transgenic animal will express the complement inhibitory factors and 
will have endothelial cells as defined above. 

Thus in a further aspect the invention also provides endothelial ceils, tissue, donor 
organs and non-human transgenic or somatic recombinant animals as defined above which 
express one or more human complement inhibitory factors. 
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The following Examples are intended to be illustrative only and not limitative of 
the invention. Cultured BAEC are transfected with reporter constructs consisting of 
promoters of genes known to be upregulated upon EC activation, i.e. E-selectin. IkBoi . 
IL-8 and tissue factor. 



EXAMPLES 

Materials and method^- 

The following vectors are utilized in the Examples: 

"pAC ": 8.8 kB plasmid vector containing a CMV promoter, a pUC19 polylinker 
site, and an SV40 splice/polyA site <J.Herz and R.D.Gerard, 2HAS. 2Q [1993] 2812-2816). 

A20 expression plasmid ("A20" in Figures): human A20 cDNA (Opipari et al. 
(1990). swi) (SEQ. ID. NO. 2), subcloned into the pAC expression vector at the XBal 
restriciion site. 

Bcl-2 and Bcl-x L expression plasmids: murine bcl-2 and bcl-x L genes (W. Fang 
et al.. J. Immunol - 121 [1995] 66-75). The 830 bp full-length bcl-2 cDNA was 
flag-iagged and cloned in the PAW neo-3 expression vector into a Clal/Xbal expression 
vector. The 700 bp full-length Bcl-x L cDNA was also 

nag-tagged and cloned into a Clal/BamHl sites of the PAW neo-3 expression vector 
(PAW neo-3 is a 7kb expression plasmid containing ampicillin and neomycin resistance 
sites and a SFFV-LTR promoter before the polylinker cloning site) (SFFV = spleen focus 

forming virus). 

Porcine E-selectin reporter: bp -1286 to +484 of the porcine E-selectin promoter 
cloned into the pMAMneo-luc plasmid vector by replacing the mm TV promoter 
(Clontech. Palo Alto. CA) (this includes the first complete intron and exon. as well as the 
beginning of the 2nd exon up to the ATG site). 

Porcine NF-kB reporter: 4 copies of NF-kB binding sites derived from the 
porcine E-selectin promoter inserted upstream of a TK minimal promoter driving the full 
length luciferase gene in a pT3/T7-luc vector (Clontech). 
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The vector backbone is a Bluescript KS+ plasmid (Stratagene, La Jolla CA, USA). 

Human IL-8 reponer. human IL-8 (hIL-8) promoter cloned into p-UBT luc. 

Porcine TF reporter: -4000 to +34 fragment of the porcine TF promoter cloned 
into p-UBT luc, a luciferase reporter gene vector (R. de Martin et al.. Gene 124 [1993] 
137-138), according to the method of T. Moll et al, J. Biol. Chem 22Q (1995] 3849-3857. 

Porcine IkBcc (also referred to as "ECI-6") reporter 600 bp fragment of the 
porcine ECI-6/IkBa promoter ligated into p-UBT-luc, with the creation of an additional 
Hind III site, as described by R. de Martin et al., EMBQ J . 12 (1993) 2773-2779. 

HIV-CAT reponer: -117 bp to the TATA box start of the HIV-wt LTR, cloned 
upstream of the CAT gene (CAT3N polylinker), prepared as described by 
K. Zimmermann et al., Virology 182 [1991] 874-878. 

RSV |5-gal reponer: E. coli p-gal gene inserted into the pRc/RSV vector 
(Invitrogen. San Diego, CA, USA) at the Not 1 site. 

RSV-LUC reponer: full-length luciferase gene cloned into the pRc/RSV vector. 

Assays; 

Cell extracts are assayed for luciferase (or CAT) and galactosidase levels, 
a i Lucjfcrasy levels (E-selectin. NF-icB. IL-8. TF and IicBa [ECI-6] promoters): 

10 pi of cellular extract are added to 90 ul of a solution containing 24 mM 
glycylglycinc ipH 7.8). 2 mM ATP (pH 7.5) and 10 mM MgSO,. Samples are read on a 
Microlumat LB 96P luminometer (EG+G Benhold) using an injection mix consisting of 
24 mM glycylglycine and 0.1 mM luciferin (Boehringer, Mannheim, Germany). 
Luciferase activity is normalized for P-galactosidase using the following formula: 
(luciferase activiiy/B-gal activity) x 1000. Luciferase activity is also corrected for protein 
by dividing the luciferase activity by protein concentration. Normalized luciferase 
activity is given in relative light units (RLU). 
CAT levels (HIV LTR activity): 

A Promega kit (Promega. Madison, WI, USA) is used to incubate cells in 
u C-labeled chloramphenicol and n-butyryl coenzyme A - containing medium (the CAT 
protein transfers the n-butyryl moiety of the coenzyme to chloramphenicol). Cells are 
extracted into xylene, which is mixed with scintillation liquid and counted in a 
scintillation counter (1900 TR. Packard. Downes Grove. IL, USA). Counts per minute 
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(CPM) are normalized for B-galactosidase using the following formula: 
(cpm/B-gal activity) x 1000. Significance is determined by Student's t-test. 

C) B-galactmid^c Ifiyftlfj' 

The RSV B-gal reporter serves as a control for transfection efficiency. The 
Tropix, Inc. Galacto-Light protocol (Tropix Inc.. Bedford, MA, USA) is employed to 
measure B-galactosidase levels. 



Bovine aortic endothelial cells (BAEC) are isolated and cultured in 10 cm plates 
in Dulbeeco's Modified Eagle Medium (DMEM), supplemented with L-glutamine 
(2 mM). penicillin G (100 units/ml), and fetal calf serum (FCS) (10%). Cells are 
maintained at 37»C in a humidified incubator with a 5% CO, atmosphere. When the cells 
reach 70% confluency. one group (i.e. approximately 1 x 10 s cells) is transfected with 0.5 
ug of the A20 vector ("A20"); a second group is transfected with 0.5 ug of the P AC 
vector ("PAC"): and a third group is maintained as a non-transfected ("NT") control. All 
transfections arc done with 16 ug lipofectamine. Non-transfected, non-stimulated 
HUVEC <-.\S") or non-transfected. TNFoc-siimulated HUVEC ("TNF") also serves as 
controls. 

Cells are washed twice with cysteine and methionine-free medium (ICN. Lisle. IL. 
USA), and then placed in the same medium supplemented with 100 uCi/ml Tran 35 S 
labelled cystcne and methionine (ICN,. After four hours, cells are harvested. Immuno- 
prccipitation with polyclonal rabbit anti-human A20 polyclonal serum on a 
polyacrylamidc SDS gel. as shown in FIG. 1. reveals the presence of a "S-labelled 80 kD 
A20 protein in the "A20" extract, but not the "PAC", "NT" or "NS" extracts. This 
protein is comparable to that seen in the TNF mulated HUVEC extract ("TNF"). 



WO 97/30083 



PCT/EP97/00676 



-25- 

Examples 2-4: General Procedure 

Approximately 3 x 10 5 BAEC are plated per well in 6-well plates in 2 ml DMEM 
as supplemented and under the conditions described in Example 1 . When the cells reach 
50%-70% confluency. a total of 1.6 ug of DNA (comprising test plasmids, reporter 
constructs and the P-gal reporter) and 8 ug of lipofectamine are used to transfect the cells 
in each well. After incubation of the cells for 5 hours, FCS is added to the cells to make 
a final concentration of 1 0%. After incubation for 48 hours, the cells are stimulated by 
adding to triplicate wells 100 U/ml of TNFa or 100 ng/ml of lipopolysaccharide (LPS) 
(Sigma E.Coli 0B55). Non-stimulated cells serve as control ("NS" or "control"). Seven 
hours after stimulation, the cells are harvested (in the following Examples all volume or 
weight amounts are on a per well basis; the expression "cell population" or "group of 
cells" refers to the cell population of a single well plate, i.e. estimated to be 
approximately 5 x 10 5 cells; in the bar graphs, the bars represent the mean of triplicate 
values; standard error is represented by a bracket). 

Example 2; E-selectin reporter (A20 exnressinn in RA EC inhibits F.selectin 

induction in a dose-denendent manned 

BAEC (bovine aortic endothelial cells) are cotransfected with 0.7 ug of the 

porcine E-selectin reporter construct, together with the A20 expression plasmid or the 

pAC control plasmid or both. The header portion of FIG. 2 indicates the amount of A20 

plasmid provided to each cell population, as follows: 
lanes 1. 5. 9: 0 ug A20; 

lanes 2. 6. 10: 0.125 ug A20; 

lanes 3.7.1 1: 0.5 ug A20; 

lanes 4.8.12: 0.7 ug A20. 

pAC is titrated with the A20 plasmid where necessary to bring the total 
concentration of A20 and pAC vector to 0.7 pg per well. 

FIG. 2 is a bar graph representing the results of a luciferase assay of each group 
of cells. Induction of the luciferase gene under the control of the E-selectin promoter is 
con-datable to the amount in relative light units (RLU) detected in the assay. FIG. 2 
demonstrates that stimulation of the cells with TNF or LPS results in substantial increases 
in activity of the E-selectin reporter in the untreated control (lane 1); or in the stimulated 
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cells co-transfected with only the pAC control (lanes 5 and 9). where there are 8 and 
14-fold increases in E-selectin activity. Stimulated cells transfected with the A20 
construct show significant inhibition of induction of the E-selectin reporter (lanes 5 v. 8, 



9 v. 12). 



It is also apparent that A20 expression inhibits E-selectin induction in a 
dose-dependent manner when 0.125 ug of A20 are used, the inhibition reaches 53% for 
TNF-stimulated cells and 78% for LPS-stimulated cells (lane 5 v. 6. 9 v. 10). Virtually 
complete inhibition is achieved when the amount of A20 used is 0.5 ug and higher, as 
compared to the basal levels detected in the non-stimulated BAEC transfected with the 
empty vector (lane I v. lanes 7. 8, 1 1 and 12). In addition. A20 expression decreases the 
basal, unstimulated activity of the E-selectin reporter by 2-fold when used at 0.5 ug and 
higher. 

Since maximal inhibition is obtained by transfecting with 0.5 to 0.7 ug A20 
vector, the concentration of A20 plasmid used to transfect groups of cells in Examples 3. 
4 and 5 is selected to be 0.5 ug. 

Example ?■ H -8. HcBrr fFn.o a „H tf r * mrr rtTlntr „ rh 

BAEC are cotransfected as described in the General Procedure above with 0.5 ug 
of either the A20 expression plasmid or the pAC control plasmid, and 0.7 ug of one of 
the above-indicaied reporter constructs, which are up-regulated during EC activation. 
FIGS. 3A-3C are bar graphs representing the results of a luciferase assay for each 
reporter transfection (in FIGS. 3A-3C. as well as FIG.4 and FIG. 5A, the presence (V) 
or absence <"-") of A20 or pAC is indicated in the header): 
a) 1 L -8 reporter : When the IL-8 reporter is cotransfected with empty pAC vector, 
luciferase activity increases 2.5 and 2.7-fold after stimulation with TNFct and LPS. 
respectively (FIG. 3A, lanes I v. 3 and 5). Howev Cr . when the IL-8 reporter is 
cotransfected with the A20 expression plasmid. luciferase levels after TNFa or LPS 
stimulation are reduced to below that seen with non-stimulated pAC-transfected cells 
(60% below the luciferase activity of unstimulated cells, lane 1 v. 4 and 6). Further- 
more. A20 overexpression decreases the basal luciferase activity of the IL-8 reporter by 
3-fold (FIG. 3 A. lane I v. 2). 
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b) IkBa reporter: The results of the co-transfections performed using the porcine IkBcx 
(ECI-6) reporter construct are similar to those seen with IL-8. Induction with TNFa and 
LPS reaches 1.6 and 3.6-fold, respectively. Inhibition is virtually complete when A20 is 
cotransfected with the IkBa reporter. TNFa- or LPS- induced luciferase activities are 
also lower than the basal levels noted with the empty vector (FIG. 3B, 

lane 1 v. lanes 4 and 6). Co-transfection with A20 is found to decrease by 5-fold the 
basal level of ECI-6 luciferase activity (FIG. 3B, lanes 1 v. 2). 

c) TlSSW factor reporter In a comparable manner, A20 expression inhibits the 3.5 and 
4.5-fold induction of TF reporter activity after TNFa and LPS stimulation, respectively 
(FIG. 3C, lanes 3, 4, 5, 6). However, a decrease in basal TF reporter activity with A20 
co-expression is not observed (FIG. 3C lane 1 v. 2). 

Example 4: NF-KB reporter 

BAEC are cotransfected according to the General Procedure with 0.5 Mg of either 
the A20 expression plasmid or the pAC control plasmid and 0.7 Mg of the NF-kB reporter 
construct, and the results are shown in the bar graph comprising FIG. 4. Results 
demonstrate that A20 expression abrogates the 12 and 28-fold induction of reporter 
activity in response to TNFa and LPS. respectively (FIG. 4, lanes 3 v. 4, 5 v. 6). There 
is no apparent significant difference between the basal levels of luciferase activity 
between A20 and pAC transfecied cells (FIG. 4, lane 1 v. 2). 

All the reporters listed above are known to be highly dependent on NF-kB. 
Activation of these reporters by either LPS or TNFa is found to be inhibited by 
expression of A20, demonstrating that the inhibitory effect of A20 on EC activation 
relates, at least in pan and perhaps totally, to inhibition of NF-kB. 

E xample S; RSV-LUC and HIV-CAT r*pnrt»r« 

To test non-specific or toxic effects of A20 on the transcriptional machinery, cells 
are transfected according to the General Procedure with a constitutive, non-inducible 
reporter. RSV-LUC, which is independent of NF-kB. Also tested is the HIV-CAT 
reporter, which is induced by the viral c-Tat protein through Spl rather than NF-kB 
binding (Zimmermann et al. [1991], sum)- Cells are transfected with 0.5 Mg of either 
A20 or pAC (RSV-LUC reporter) (as shown in the header of FIG. 5 A), or A20 titrated 
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with pAC to make up a total of 0.5 ug (HIV-CAT reporter) (as shown in the header of 
FIG. SB). For the RSV-LUC reporter, cell groups are either non-stimulated ("Control") 
or TNF- or LPS-stimulated. For the HIV-CAT reporter, cells are either unstimulated 
("Control") or stimulated with 0.2 ug of the c-Tat protein. It is found that basal 
luciferase activities of the RSV-LUC reporter are comparable to that seen in the A20 and 
pAC transfected BAEC. 

FIGS. 5A-5B are bar graphs representing the results of a luciferase assay. It is 
apparent that no significant induction is achieved upon TNF or LPS stimulation in either 
the pAC- or the A20-expressing cells; luciferase values remain comparable among the 2 
groups (FIG. 5A). With regard to HIV-CAT, the results demonstrate that A20 expression 
affects neither the basal levels nor the 10 to 15-fold induction of the reporter observed 
upon stimulation with c-Tat (FIG. 5B, lane 1 v. lanes 2, 3, 4 and lane 1 v. lanes 6, 7, 8). 

The above demonstrates that expression of A20 prevents gene induction associated 
with endothelial cell activation. Reporter inhibition is seen when either TNF or LPS is 
used to stimulate the EC, pointing to the broad inhibitory effect of A20 on gene 
induction. The similar effect on LPS- and TNF-induced signaling also excludes any 
specific association of the action of A20 with the TNF response per se. The basal 
expression of the E-selectin, IL-8 and IkBol reporters is also significantly decreased in 
cells expressing A20. Inhibition is found to be dose-dependent. 

Expression of A20 has no apparent effect on either the constitutive activity of the 
RSV-LUC reporter or the c-Tat stimulation of the HIV-CAT reporter, which also 
demonstrates a lack of effect of A20 on Spl, which illustrates the specificity of A20 in 
blocking NF-kB activation. 

Therefore in addition to its ability to protect cells from apoptosis, expression of 
A20 inhibits NF-kB activation, and thereby inhibits gene induction. This function places 
A20 in the category of genes that are dependent on NF-kB for their induction, but that 
subsequently inhibit NF-kB and thus, endothelial cell activation. Such genes presumably 
function in negative regulatory loops to regulate the extent and duration of endothelial 
cell activation. 

While not intending to be bound thereby, it is proposed that an alternative 
mechanism exists by which A20 functions as an antioxidant. The full-length human A20 
cDNA encodes 7 Cys2/Cys2 repeats, which characterizes it as a Zn finger protein with a 
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potcntially high Zn binding capacity (Opipari et al. [1990], supra V Zn can act as an 
antioxidant by two mechanisms: the protection of sulfhydiyl groups against oxidation and 
the inhibition of the production of reactive oxygens by transition metals, mainly iron and 
copper. There is evidence that antioxidants such as PDTC can prevent gene induction 
associated with EC activation, by inhibition of NF-kB (E.B. Cunningham, 
Biochem.Biophvs.Res rnmm^ 211 [1995] 212-218) and also to prevent TNF-mediated 
apoptosis (T.M. Buttke and P.A. Sandstrom, Immunol. Today ^5 [1994] 7-10). These 
findings correlate with the fact that signaling via the TNF receptor results in a rapid rise 
in the levels of intracellular reactive oxygen intermediates that cause apoptosis via 
oxidative damage (Buttke and Sandstrom [1994], supral 

Example <> : Adenoviral-mediated transfer of A20 to nnrrine aortic E n dothelial ™ik 

A recombinant A20 adenovirus (rAd.A20) is constructed by homologous 
recombination between a transfer vector containing the human A20 cDNA, 
pAC.CMV.NLS-A20. and pJM17, a plasmid-borne form of the adenovirus 5 genome. 
The encoded A20 protein is unmodified. Homologous recombination is performed in 
293 cells. Clonal viruses are obtained by limiting dilution cloning in 96-well plates, and 
analyzed by Northern blotting for the presence of A20 mRNA. After identification of a 
positive recombinant A20 adenovirus, amplification is performed in 293 cells. Cesium 
chloride purified adenovirus is used to infect porcine aortic endothelial cells (PAEC) at a 
multiplicity of infection (MOI) of 500 to 2500/cell. A20 infection is checked by 
Northern blot analysis of infected cells. 48 hours after infection, cells are stimulated with 
100 U/ml of TNF or 100 ng/ml of LPS. mRNA is extracted 2-6 hours following 
EC stimulation. Northern blot analysis shows that A20 adenovirus-infected cells abrogate 
by 60-90* the TNF- and LPS-mediated induction of E-selectin, IL-8, and iKBa. The 
percentage of inhibition is directly correlated to mRNA levels of A20 detected in infected 
cells. In accordance with Northern blot analysis. A20 expression in PAEC inhibits by up 
to 90* the surface expression of E-selectin as assessed by ELISA. Mock-infected cells 
as well as PAEC infected with a P-galactosidase rAD are used as controls. These results 
further demonstrate that expression of A20 inhibits EC activation. 
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EAAmfil£j: Co-transfer of RAFT »t,h urn.? ^ BfH [ r T fff rni j nn nl „»n.H« ,l» 1F 
with repnrtPr t T llf ft 

Approximately 3 x 10 5 bovine aortic endothelial cells obtained from culture in 
10 cm plates as described in Example 1, are plated per well in a 6-weIl plate in 2 ml of 
DMEM as supplemented and under the conditions described in Example I . When the 
cells reach 50%-70% confluence a total of 1.5-1.6 ug/well of DNA (test plasmids and 
reporter constructs) is added to 8 mg of lipofectamine per well and incubated at room 
temperature for 30 minutes before being added to the cells in triplicate. In all 
experiments. BAEC are co-transfected with 0.5 ug of Bcl-2, Bcl-x L or pAC. and 0.7 ug 
of the E-selectin. ECI-6 (IkBo) or NF-kB - luciferase (luc) reporters, as well as 0.3 ug of 
the (J-galactosidase (b-gal) reporter. After 5 hours incubation. FCS is added to the 
medium to achieve a final concentration of 10%. 48 hours thereafter the cells are 
stimulated with either human recombinant TNF (lOOU/ml) or LPS (lOOng/ml). and are 
harvested 7 h after stimulation. 

The effect of BCL-2 and BCL-X L expression upon EC activation is first studied 
using an endothelial cell-specific marker. E-selectin. BAEC (3x10* to 5x10 s cells) are co- 
iransfcctcd u i.h the porcine E-selectin reporter construct (0.7 ug) as well as the bcl-2. the 
bcl-x, expression plasmids (0.5 ug) or the pAC control (0.5 ug) plasmid in conjunction 
with the RSV p-gal plasmid (0.3 ug). 

The result*, depicted in FIG. 6A. show that BCL-2 and BCL-X L overexpression 
leads to a significant decrease in the luciferase activity of the E-selectin reporter after 
both TNF and LPS stimulation. In the pAC control, induction with either TNF or LPS 
leads to a 35- and 50-fold increase in the activity of the E-selectin reporter, respectively. 
BCL-X, expression inhibits TNF- and LPS-induced luciferase activity very significantly, 
this inhibition reaching respectively 95* and 90% of the control following TNF and LPS 
stimulation (lanes 4 and 7 v. 5. 8). Inhibition is seen to be complete when BCL-2 is 
expressed in the cells. No induction of the E-selectin reporter is seen upon TNF and LPS 
stimulation (lanes 4 and 7 v. lanes 6 and 9). The basal level of luciferase activity of the 
E-selectin reporter is not affected by BCL-2 or BCL-X L expression. 

The results of the co-transfections performed using the porcine IkBcc (ECI-6) 
reporter construct (FIC. 6B) are similar to those seen with E-selectin. Induction with 
TNF and LPS reaches 2.5 fold (lanes I v. 4 and 6). BCL-X L and BCL-2 expression 



WO 97/30083 



PCT/EP97/00676 



-31- 

complctely abolishes TNF- and LPS-induccd luciferase activity following TNF and LPS 
stimulation (lanes 4 and 7 v. 5, 6 and 7, 8). The basal level of luciferase activity of the 
IkBoc reporter is not affected by BCL-2 or BCL-X L expression. 

BAEC are co-transfected with an NF-kB reporter construct that is solely 
dependent upon NF-kB, and either bcI-x L , bcl-2 or the empty vector, pAC (FIG. 6C). 
BCL-X L expression significantly decreases the 10- and 26-fold induction of reporter 
activity in response to TNF and LPS, respectively (lanes 4 and 7 v. 5 and 8). This 
inhibition reaches 50% and 70%, respectively. In contrast with BCL-X L , BCL-2 
expression totally abrogates the TNF and LPS inducibility of the NF-kB reporter (lanes 4 
and 7 v. 6 and 9). There appears to be no significant difference in the basal levels of 
luciferase activity between BCL-X L , BCL-2 and pAC (lanes 1 v. 2 and 3). 

Therefore the demonstrated EC inhibition is shown to be related to inhibition of 
the transcriptional factor NF-kB. 

Example 8: A20 mutants 

A truncation of the A20 gene from bp 1 182 to 2450 and spanning the 7 Zn 
binding domains of the molecule is obtained by digestion of the 2.4 kB cDNA with Ncol. 
This fragment is expressed as a polypeptide of 417 amino acid residues (residues 373 to 
790 of SEQ. ID. NO. 1 ). The truncated A20 gene is cloned into pBac 4 (Promega) and 
then subcloned into the pAC expression vector to be used in co-transfection experiments 
in BAEC. In these experiments, 2 x 10 5 BAEC are plated per well in a 6-well plate with 
2 ml of medium as described above. Cells are transfected once they reach 50-70% 
confluence. 1.5-1.6 pg/well of DNA (test plasmids and reporter constructs) are added to 
4 units of lipofectamine per well and incubated at room temperature for 30 minutes 
before being added to the cells in triplicate. In this experiment, 0.3 ng of the p-gal 
reporter is used, with 0.5 pg of: A20, or truncated A20 (tA20), or the control plasmid 
pAC, and 0.7 pg of the E-selectin-luc reporter. 48 hours after transfection, cells are 
challenged with either 100 U/ml of TNF or 100 ng/ml of LPS. Cell extracts are prepared 
7 hours after stimulation and assayed for P-galactosidase and luciferase expression, as 
above. Two clones expressing the truncated form of the A20 are tested: clone #3 
and #7. 
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FIG. 7 shows that expression of the truncated form of A20, Le. consisting 
essentialiy of the 7 Zn binding domains of the molecule, inhibits as efficiently as A20. 
the induction of the E-selectin reporter upon stimulation by TNF or LPS. 

Example 9 - Regulable gene «nr M cl»n In tr fl n« ? P^ f m | ff 

a) Inducible tetracycline wp^jftn m ^ m - 

A system for temporal regulation of anti-apoptotic gene expression is highly 
desirable to inhibit NF-kB activation on a controllable basis. 

An inducible expression system can be employed to regulate anti-apoptotic gene 
expression in vivo, in particular the binary plasmid system described by Gossen and 
Bujard, PJsJAS (1992], sum. which is inducible by the withdrawal of tetracycline; or the 
tetracycline-dependent system disclosed by Furth et al., PNAS [1994], sjipia- For 
example the Gossen and Bujard system employs a first plasmid containing a bacterial, 
teiracycline-sensitive DNA binding protein fused to the HSV-VP16 transcriptional 
activation domain (iTA) expressed from a constitutive CMV promoter. A second plasmid 
contains 7 copies of the binding site for tTA, downstream of which the anti-apoptotic 
gene is cloned into the vector. When both plasmids are present in a cell, the tTA protein 
drives high level transcription of the anti-apoptotic gene of the invention. In the presence 
of tetracycline there is no expression of the anti-apoptotic transgene. In the absence of 
tetracycline, there is high level expression of the anti-apoptotic gene (in the Furth et al. 
system, the presence of tetracycline promotes expression of the anti-apoptotic gene, 
whereas in the absence of tetracycline there is no expression of the anti-apoptotic 
transgene). 

b) Transgenic mfce- 

For the generation of transgenic mice the anti-apoptotic gene is cloned into a 
suitable vector, for example, as described by Gossen and Bujard, PNAS [1992] supra . 
Two separate founder strains are generated for tTA and the anti-apoptotic gene. 
Transgenic mice of each strain are rendered homozygous by crossing heterozygous 
animals. Homozygous animals of each strain are bred as lines. Crossing iTAATA mice 
with, e.g.. bcl-2/bcl-2 mice results in double transgenic mice carrying both tTA and Bcl-2 
transgenes. These crossings are carried out under cover of tetracycline to prevent anti- 
apoptotic transgene expression during embryogenesis. Mice carrying the tTA and ami- 
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apoptotic transgene, respectively, aire identified by Southern blotting to prevent expression 
of the anti-apoptotic gene during embryogenesis. 

Mice that express the anti-apoptotic gene in EC can be used as donors for 
xenotransplantation (heart and/or kidney) into rats for modelling purposes. 

Example 10: Generation of transgenic pigs 

A transgenic pig expressing a human anti-apoptotic gene (e.g., A20, bcI-2, bcl-x L , 
Al) is prepared by techniques disclosed in Pinckert et al. [1994], supra . 

Example 11: Adenoviral-mediated BCL-2 expression inhibits NF-kB activation 

Nuclear extracts are prepared from rAd.Bcl-2 or rA&ji-gal-infected PAEC before, 
and two hours following, treatment with TNF (lOOU/ml). NF-kB activation and binding 
to a kB binding oligonucleotide derived from the human Immunoglobulin (Ig) x promoter 
is evaluated by electrophoretic mobility shift assay (EMSA) (FIG. 8). 

Nuclear extracts from PAEC expressing BCL-2 reveal little constitutive, and no 
inducible, binding of NF-kB, whereas rAd.p-gal - infected cells demonstrate strong 
induction of NF-kB binding activity following TNF stimulation. Specificity of DNA 
binding is confirmed by the use of excess cold wild-type (specific competitor) or a non- 
specific competitor (AP-1 ) probe as controls (lanes 3 and 4). 

Example 12: BCL-2 expression in PAEC inhibits IkBcx degrad ation following TNF 

treatment 

Cytoplasmic extracts are prepared prior to, as well as ten minutes or two hours 
following, TNF treatment of rAd.Bcl-2 - or rAd.(J-gal - infected PAEC. Protein 
concentration of the cytoplasmic extracts is quantitated by the Bradford method. 
IkBcx expression is evaluated by Western blot. IkBcx is detected using anti-MAD-3 rabbit 
polyclonal lgG anti-serum (Santa-Cruz Biotechnology, Santa Cruz, CA, USA) and 
peroxidase-conjugated goat anti-rabbit secondary antibody followed by enhanced 
chemiluminescence (ECL) detection (Amersham Corp.). 
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Results show that BCL-2 expression in PAEC inhibits the usual licBa degradation 
that occurs 10 minutes following TNF stimulation. Results shown are representative of 
3 independent experiments (FIG. 9). 

transcr i ption factor. cAMP rennnsiv »i.m»p. f { rBF) 
To determine whether BCL-2 expression affects nuclear binding to a CRE probe, 
nuclear extracts are prepared from rAd.Bcl-2- or rAd.B-gal - infected PAEC before, and 
two hours following, treatment with TNF (lOOU/ml) and assayed by EMSA 
(electrophoretic mobility shift assay) for their binding activity of a radio-labeled 
CRE oligonucleotide. No difference is observed between the Bcl-2- and the p-gal - 
infected cells (FIG. 10). 

Example 14; Function of the Bd m , n *nrfnth,n a i r fl fo 

a) A I Mprwion in EC inhibits TNF- and IPS-indnrrd activation thmn p h inhihirinn 
NF-KB: 

HUVEC. when stimulated with TNF, express Al. The maximum induction at the 
mRNA level occurs at approximately three hours following TNF stimulation. Expression 
of Al in the EC inhibits activation following TNF and LPS treatment; this inhibitory 
effect relates to inhibition of NF-kB activation. BAEC are co-transfected with an 
expression plasmid encoding for Al and reporter constructs comprising the promoter 
region of E-selectin linked to the luciferase gene and a reporter solely dependent upon 
NF-kB for its induction (FIG. 11). 

To evaluate whether functional NF-kB activity is needed for the induction of Al, 
it is investigated whether A I continues to be inducible following TNF stimulation in 
HUVEC even in the presence of an overexpressed inhibitor of NF-kB (i.e. IkBoc or 
A20). HUVEC are infected with the rAd.lKBa, rAd.A20 or the control rAd.p-gal at an 
MOl of 100. Northern blot reveals high levels of IkBoc and of A20 mRNA in the cells. 
Forty-eight hours following infection, EC are stimulated with 100U of TNF for 
three hours. RNA is extracted. Expression of Al is analyzed by Northern blot analysis. 
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Results demonstrate that expression of IkBol or of A20 inhibits the induction of 
A I messenger RNA as seen in the control rAd.|J-gal-infected cells. Similarly, induction 
of IkBoc (another NF-B dependent gene) is inhibited in the A20-expressing cells as 
compared to controls, further confirming the ability of A20 to block up-regulation of 
NF-kB dependent genes (FIG. 12). 
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(2) INFORMATION FOR SEP IP NO. 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 790 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Met Ala Glu Gin Val Leu Pro Gin Ala Leu Tyr Leu Ser Asn Met Arg 
15 10 15 

Lys Ala val Lys He Arg Glu Arg Thr Pro Glu Asp He Phe Lys Pro 
20 25 30 

Thr Asn Gly He He His His Phe Lys Thr Met His Arg Tyr Thr Leu 
35 40 45 

Glu Met Phe Arg Thr Cys Gin Phe Cys Pro Gin Phe Arg Glu He He 
50 55 60 

His Lys Ala Leu He Asp Arg Asn He Gin Ala Thr Leu Glu Ser Gin 
65 70 75 80 

Lys Lys Leu Asn Trp Cys Arg Glu Val Arg Lys Leu Val Ala Leu Lys 

85 90 95 

Thr Asn Gly Asp Gly Asn Cys Leu Met His Ala Thr Ser Gin Tyr Met 

100 105 ..... 110 



Trp Gly Val Gin Asp Thr Asp Leu Val Leu Arg Lys Ala Leu Phe Ser 
115 120 125 

Thr Leu Lys Glu Thr Asp Thr Arg Asn Phe Lys Phe Arg Trp Gin Leu 
130 135 140 

Glu Ser Leu Lys Ser Gin Glu Phe Val Glu Thr Gly Leu Cys Tyr Asp 
145 150 155 160 

Thr Arg Asn Trp Asn Asp Glu Trp Asp Asn Leu He Lys Met Ala Ser 

165 170 175 

Thr Asp Thr Pro Met Ala Arg Ser Gly Leu Gin Tyr Asn Ser Leu Glu 
180 185 190 



Glu lie His He Phe Val Leu Cys Asn He Leu Arg Arg Pro He lie 
195 200 205 
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Val lie Ser Asp Lys Met Leu Arg Ser Leu Glu Ser Gly Ser Asn Phe 
210 215 220 

Ala Pro Leu Lys Val Gly Gly lie Tyr Leu Pro Leu His Trp Pro Ala 
225 230 235 240 

Gin Glu Cys Tyr Arg Tyr Pro He Val Leu Gly Tyr Asp Ser His His 

24 5 250 255 

Phe Val Pro Leu Val Thr Leu Lys Asp Ser Gly Pro Glu He Arg Ala 
260 265 270 

val Pro Leu Val Asn Arg Asp Arg Gly Arg Phe Glu Asp Leu Lys Val 
2~5 280 285 

His Phe Leu Thr Asp Pro Glu Asn Glu Met Lys Glu Lys Leu Leu Lys 
290 295 300 

Glu Tyr Leu Met Val He Glu He Pro Val Gin Gly Trp Asp His Gly 
305 310 315 320 

Thr Thr His Leu He Asn Ala Ala Lys Leu Asp Glu Ala Asn Leu Pro 

325 330 335 

Lys Glu He Asn Leu Val Asp Asp Tyr Phe Glu Leu Val Gin His Glu 
340 345 350 

Tyr Lys Lys Trp Gin Glu Asn Ser Glu Gin Gly Arg Arg Glu Gly His 
355 360 365 

Ala Gin Asn Pro Met Glu Pro Ser Val Pro Gin Leu Ser Leu Met Asp 
370 375 380 

Val Lys Cys Glu Thr Pro Asn Cys Pro Phe Phe Met Ser Val Asn Thr 
385 3 *° 395 400 

Gin Pro Leu Cys His Glu Cys Ser Glu Arg Arg Gin Lys Asn Gin Asn 

405 410 415 

Lys Leu Pro Lys Leu Asn Ser Lys Pro Gly Pro Glu Gly Leu Pro Gly 
420 425 430 

Met Ala Leu Gly Ala Ser Arg Gly Glu Ala Tyr Glu Pro Leu Ala Trp 
435 440 445 * 

Asn Pro Glu Glu Ser Thr Gly Gly Pro His Ser Ala Pro Pro Thr Ala 
450 455 460 

Pro Ser Pro Phe Leu Phe Ser Glu Thr Thr Ala Met Lys Cys Arg Ser 



475 480 



Pro Gly cys Pro Phe Thr Leu Asn Val Gin His Asn Gly Phe Cys Glu 

4 85 490 495 

Arg Cys His Asn Ala Arg Gin Leu His Ala Ser His Ala Pro Asp His 
500 505 510 

Thr Arg His Leu Asp Pro Gly Lys Cys Gin Ala Cys Leu Gin Asp Val 
515 520 525 



4 
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Thr Arg Thr Phe Asn Gly He Cys Ser Thr Cys Phe Lys Arg Thr Thr 
530 535 540 

Ala Glu Ala Ser Ser Ser Leu Ser Thr Ser Leu Pro Pro Ser Cys His 
545 550 555 560 

Gin Arg Ser Lys Ser Asp Pro Ser Arg Leu Val Arg Ser Pro Ser Pro 

565 570 575 

His Ser Cys His Arg Ala Gly Asn Asp Ala Pro Ala Gly Cys Leu Ser 
580 585 590 

Gin Ala Ala Arg Thr Pro Gly Asp Arg Thr Gly Thr Ser Lys Cys Arg 
595 600 605 

Lys Ala Gly Cys Val Tyr Phe Gly Thr Pro Glu Asn Lys Gly Phe Cys 
610 615 620 

Thr Leu Cys Phe He Glu Tyr Arg Glu Asn Lys His Phe Ala Ala Ala 
625 630 635 640 

Ser Gly Lys Val Ser Pro Thr Ala Ser Arg Phe Gin Asn Thr He Pro 

645 650 655 

Cys Leu Gly Arg Glu Cys Gly Thr Leu Gly Ser Thr Met Phe Glu Gly 
660 665 670 

Tyr Cys Gin Lys Cys Phe He Glu Ala Gin Asn Gin Arg Phe His Glu 
675 680 685 

Ala Lys Arg Thr Glu Glu Gin Leu Arg Ser Ser Gin Arg Arg Asp Val 
690 695 700 

Pro Arg Thr Thr Gin Ser Thr Ser Arg Pro Lys Cys Ala Arg Ala Ser 
705 710 715 720 

Cys Lys Asn He Leu Ala Cys Arg Ser Glu Glu Leu Cys Met Glu Cys 

725 730 735 

Gin His Pro Asn Gin Arg Met Gly Pro Gly Ala His Arg Gly Glu Pro 
740 745 750 

Ala Pro Glu Asp Pro Pro Lys Gin Arg Cys Arg Ala Pro Ala Cys Asp 
755 760 765 

His Phe Gly Asn Ala Lys Cys Asn Gly Tyr Cys Asn Glu Cys Phe Gin 
770 775 780 

Phe Lys Gin Met Tyr Gly 
785 790 
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(21 INFORMATION FOR SEP ID NO. 3; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 205 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Ala His Ala Gly Arg Thr Gly Tyr Asp Asn Arg Glu He Val Met 
15 10 15 

Lys Tyr He His Tyr Lys Leu Ser Gin Arg Gly Tyr Glu Trp Asp Ala 
20 25 30 

Gly Asp Val Gly Ala Ala Pro Pro Gly Ala Ala Pro Ala Pro Gly He 
35 40 45 

Phe Ser Ser Gin Pro Gly His Thr Pro His Pro Ala Ala Ser Arg Asp 
50 55 60 

Pro Val Ala Arg Thr Ser Pro Leu Gin Thr Pro Ala Ala Pro Gly Ala 
65 70 75 80 

Ala Ala Gly Pro Ala Leu Ser Pro Val Pro Pro Val Val His Leu Ala 

85 90 95 

Leu Arg Gin Ala Gly Asp Asp Phe Ser Arg Arg Tyr Arg Gly Asp Phe 
100 105 110 

Ala Glu Met Ser Ser Gin Leu His Leu Thr Pro Phe Thr Ala Arg Gly 
115 120 125 

Arg Phe Ala Thr Val Val Glu Glu Leu Phe Arg Asp Gly Val Asn Trp 
130 135 140 

Gly Arg He Val Ala Phe Phe Glu Phe Gly Gly Val Met Cys Val Glu 
1*5 150 155 160 

Ser Val Asn Arg Glu Met Ser Pro Leu Val Asp Asn He Ala Leu Trp 

165 170 175 

Met Thr Glu Tyr Leu Asn Arg His Leu His Thr Trp He Gin Asp Asn 
180 185 190 

Gly Gly Trp Val Gly Ala Ser Gly Asp Val Ser Leu Gly 
195 200 205 
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(2) INFORMATION FOR SRO !P N o, 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 233 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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ii) INFORMATION FOR SEP in NO. * 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 175 amino acids 

(B) TYPE, amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Thr Asp Cys Glu Phe Gly Tyr lie Tyr Arg Leu Ala Gin Asp Tyr 
15 io 15 

Leu Gin Cys Val Leu Gin lie Pro Gin Pro Gly Ser Gly Pro Ser Lys 
20 25 30 

Thr Ser Arg Val Leu Gin Asn Val Ala Phe Ser Val Gin Lys Glu Val 
35 40 45 

Glu Lys Asn Leu Lys Ser Cys Leu Asp Asn Val Asn Val Val Ser Val 
50 55 60 

Asp Thr Ala Arg Thr Leu Phe Asn Gin Val Met Glu Lys Glu Phe Glu 
65 70 75 80 

Asp Gly lie He Asn Trp Gly Arg He Val Thr He Phe Ala Phe Glu 

85 90 95 

Gly He Leu He Lys Lys Leu Leu Arg Gin Gin He Ala Pro Asp Val 
100 105 110 

Asp Thr Tyr Lys Glu He Ser Tyr Phe Val Ala Glu Phe He Met Asn 
115 120 125 

Asn Thr Gly Glu Trp He Arg Gin Asn Gly Gly Trp Glu Asn Gly Phe 
130 135 140 

Val Lys Lys Phe Glu Pro Lys Ser Gly Trp Met Thr Phe Leu Glu Val 
145 150 155 160 

Thr Gly Lys He Cys Glu Met Leu Ser Leu Leu Lys Gin Tyr Cys 

165 170 175 
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£laims; 

1 . A mammalian endothelial cell which is genetically modified to express an anti- 
apoptotic protein which is capable of inhibiting NF-kB activation in the presence of a 
cellular activating stimulus. 

2. A donor endothelial cell, or a tissue or organ comprising such a cell, wherein the cell 
is genetically modified to regulably or constitutively express an anti-apoptotic protein in a 
graft recipient, whereby NF-kB is substantially inhibited, for transplantation into a 
recipient species. 

3. A method of genetically modifying a mammalian endothelial cell to render it less 
susceptible to an inflammatory or other immunological activation stimulus, which 
comprises inserting in that cell, or a progenitor thereof, DNA encoding an anti-apoptotic 
protein capable of inhibiting NF-kB and expressing the protein, whereby NF-kB 
activation in the cell is substantially inhibited in the presence of a cellular activating 
stimulus. 

4. A method of inhibiting cellular activation in a mammalian subject susceptible to an 
inflammatory or immunological stimulus which comprises genetically modifying 
endothelial cells of the subject, by insertion of DNA encoding an anti-apoptotic protein 
capable of inhibiting NF-kB and expressing that protein, whereby NF-kB is substantially 
inhibited in the cells in the presence of a cellular activating stimulus. 

5. A method of transplanting donor endothelial or other mammalian cells, or graftable 
tissues or organs comprising such cells, to a mammalian recipient in whose blood or 
plasma these cells, tissues or organs are subject to activation, which comprises: 

(a) genetically modifying the donor cells, or progenitor cells thereof, by inserting therein 
DNA encoding an anti-apoptotic protein capable of inhibiting NF-kB; and 
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(b) transplanting the resultant modified donor cells, or tissues or organ comprising these 
cells, into the recipient, and expressing in the cells the anti-apoptotic protein, 
whereby NF-kB activation in the cells is substantially inhibited in the presence of a 
cellular activating stimulus. 

6. A cell according to claim 1 or 2 or a method according to any one of claims 3 to 5 
wherein the anti-apoptotic protein is 

- a polypeptide having activity of an A20 protein; or 

- a polypeptide having activity of BCL-2 protein, a homodimer of that polypeptide, or a 
heterodimer of that polypeptide and another anti-apoptotic polypeptide of the 

BCL family; or 

- a polypeptide having activity of BCL-X L protein, a homodimer of that polypeptide, or a 
heterodimer of that polypeptide and another anti-apoptotic polypeptide of the 

BCL family; or 

- a polypeptide having activity of Al protein, a homodimer of that polypeptide, or a 
heterodimer of that polypeptide and another anti-apoptotic polypeptide of the 
BCL family. 

7. A cell according to claim 1 or 2 which is porcine. 

8. A cell according to claim I or 2 which is human. 

9. A non-human transgenic or somatic recombinant mammal comprising DNA encoding 
an anti-apoptotic protein of a different species. 

10. A mammal according to claim 9 which is porcine. 

11. A mammal according to claim 10 wherein the anti-apoptotic protein is human. 
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